athological gambling (PG) (gambling disorder in DSM-5 1 ) and obsessive-compulsive disorder (OCD) are each associated with elevated compulsivity, 2-4 and some investigators have argued that PG might best be classified as an OC spectrum disorder. 5 Others argue that similar biological features and treatment approaches indicate that PG is more like substance use disorders. [6] [7] [8] [9] Community data find elevated levels of comorbidity between PG and substance use disorders but not between PG and OCD. 10, 11 The relatively sparse data on the characteristics of OC behaviors among persons with and without PG may contribute to the continuing debate about the OC nature of PG. Because OCD has many distinct components experienced to varying degrees, comorbidity studies with PG would be informed by examining which components might be most strongly related to PG and not by limiting analyses to full OCD diagnoses. By testing for types of OC-related features (eg, rituals, symmetry, and hoarding) and their associations with PG, one may determine whether specific PG criteria are particularly linked to subtypes of OC features derived from latent class analysis (LCA). The utility of LCA to inform classification of psychiatric disorders has been demonstrated for nicotine withdrawal and dependence, 12,13 which suggests expansion of the diagnostic criteria. 
it has not been applied to OC features in the community, thus leaving unanswered questions about the structure of OC behaviors in the community and how OC features are associated with PG.
We analyzed OC and PG features in a male-twin cohort. Given data on LCA of OC features in OCD, 16 we hypothesized that we would identify OC classes differing predominantly in severity. Given data linking PG to dimensional constructs of compulsivity, 2 we hypothesized that the identified classes of OC features would have varying associations with different PG diagnostic criteria and that OC classes of greater severity would associate with greater PG severity. To test the hypothesis that genetic factors would contribute to the co-occurrence of PG and OC classes, we estimated the genetic correlation and amount of genetic variance common and specific to PG and OC phenotypes.
Methods

Sample
This study was approved by the institutional review boards of St Louis Veterans Affairs Medical Center and Washington University School of Medicine, as described previously. 17, 18 Participants provided verbal informed consent. The Vietnam Era Twin Registry (VETR) consists of 7375 male monozygotic (MZ) and dizygotic (DZ) twin pairs born from 1939 through 1955 in which both siblings served on active military duty during the Vietnam era (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) . Characteristics and method of zygosity determination of the VETR have been reported previously. [19] [20] [21] In 1992, approximately 5000 twin pairs of the VETR were invited to participate in a computer-assisted telephone interview that contained the National Institute of Mental Health (NIMH) Diagnostic Interview Schedule, Version III, Revised. 22 These data were used to evaluate individual criteria for and to determine diagnoses of PG and other psychiatric disorders according to DSM-III-R criteria. 23 In 2002, 1200 of the MZ and DZ twin pairs (2400 individuals) who were interviewed in 1992 were invited to participate in an additional computer-assisted telephone interview about PG. The 2002 interview also assessed OC behaviors. All twin pairs for whom at least 1 member of the pair endorsed 1 or more DSM-III-R criteria for PG in 1992 (456 pairs) plus a random sample of unaffected pairs (ie, no symptoms in both members of a pair; 744 pairs) were eligible. Of the 2400 eligible individuals, 252 were not contacted because they were deceased, not located, unavailable, on active military duty, or incapacitated. Of 2148 participants who could be reached by telephone, 1675 were interviewed from March 2002 through November 2003, yielding a 78.0% response rate. Respondents were aged 45 to 60 years in 2002. Trained interviewers contacted twins and began interviewing after obtaining verbal informed consent.
OC Items
Ten items were adapted from questionnaires used in the NIMH OCD Collaborative Genetics Study (https://www .nimhgenetics.org/interviews/study16_66/index.php) to capture cognitive and behavioral aspects of OCD. Respondents were asked if they had ever experienced any of the following: (1) rituals, that is, the need to do things in the same way (eg, bedtime rituals or washing and dressing rituals); (2) compulsions that involve cleaning household items or other inanimate objects; (3) repeated routine activities, such as going in and out of a doorway (eg, may not feel right unless you do these things a certain number of times); (4) ordering or arranging compulsions (eg, may waste hours arranging/ ordering things and become upset if the order is disturbed); (5) hoarding (eg, having rooms filled with notebooks or wrappers; having a reluctance to discard things and a fear that they will be needed one day; picking up useless objects from the street/garbage); (6) violent/horrific mental images, such as murder or car accidents; (7) excessive concern with dirt or germs (eg, fear of getting germs from door handles or shaking hands); (8) lucky/unlucky numbers, worrying about numbers such as 13, having to start an activity at a lucky hour or to do things a lucky number of times; (9) a need for symmetry, altering things to make them symmetrical; and (10) fear of illness because of contamination or as a direct result of exposure to germs.
PG Definitions
We used DSM-IV PG criteria 24 to categorize individuals into several gambling groups. A threshold of 5 or more criteria defined DSM-IV PG. We excluded the illegal acts criterion and used a threshold of 4 or more inclusionary criteria to define DSM-5 gambling disorder. We also explored additional DSM-IV and DSM-5 phenotypes (eg, ≥1 criteria vs none) to provide comparability with previously published studies.
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Statistical Analysis
Latent class analysis is a statistical method that can be used to investigate an observed association among a set of variables that may be continuous or categorical. 31 The analysis is based on the assumption that the frequencies with which different symptom profiles occur can be explained by the existence of a small number of mutually exclusive classes, with each class having a distinctive profile of item endorsement probabilities (IEPs) that is constant for all members of that particular class. A critical implication of this assumption is that, under a mutually exclusive class solution, the conditional probabilities of endorsing a set of items are statistically independent within a given latent class. For a given latent class model, the parameter estimates are class membership probabilities and IEPs that reflect the likelihood that a symptom is endorsed by an individual, given membership in that class. Class membership in the present report is based on the probability of endorsing an OC feature under the best-fitting model. The Bayesian information criterion (BIC) 32 was used to compare goodness of fit among complex models and to identify the most parsimonious model. The best-fitting model was selected by the smallest BIC value. We used the Latent Gold 4.0 program 33 in LCA of the 10 OC features with the method of maximum likelihood. Interpretation of LCA results is not strictly an empirical exercise and requires judgment by researchers. To interpret our findings and describe the nature of the classes, we refer to some IEPs as high or low only in relation to other endorsement probabilities. In the present report, we consider an IEP of greater than 0.50 to be high and IEPs of greater than 0.80 to be very high. The arbitrary threshold helps to identify and characterize differences between classes. After derivation of a latent-class solution, we computed separate logistic regressions to obtain odds ratios (ORs) for the associations between each PG definition and the OC classes, with the unaffected class used as a common reference. We used the SURVEYLOGISTIC procedure 34 to compute logistic models that account for the correlated nature of twin data by adjusting the SE.
Genetic Analyses
To determine whether associations between PG and OC subtypes could be explained in part by common genetic vulnerability, we fit bivariate twin models to PG and OC phenotypes. We fit a twin model to a PG phenotype defined as 5 or more PG criteria and an OC phenotype defined as the unaffected class vs all other OC classes. Separate models were fit for PG DSM-IV and DSM-5 criteria. Genetic and environmental contributions were decomposed into additive genetic, shared environmental, and unique environmental factors, with the last including measurement error. The bivariate model allowed for variance due to genetic and/or environmental factors specific to and common to the PG and OC phenotypes (see the eFigure in the Supplement). Models of maximum likelihood were fitted using MX software. 35 Models were tested for goodness of fit against a saturated model that included no constraints on the correlation matrices that were estimated for MZ and DZ twin correlations. The most parsimonious model was selected as best fitting. Model fitting results and tetrachoric correlations are shown in eTables 1, 2, and 3 in the Supplement.
Results
The LCA indicated a 4-class solution best fit of the OC feature data as indicated by the lowest BIC value (BIC, 11 898) compared with the fit for 3-class (BIC, 11 957) and 5-class (BIC, 11 935) solutions. As shown in the Figure, class Table 1 . We observed several systematic patterns of association between PG and OC classes. With the exception of inability to control or cut back, performing illegal acts to get money, impairing job/relationships, and borrowing money, the remaining PG criteria were significantly (P < .05) more prevalent in OC classes 2 through 4 than in OC class 1 (unaffected). The prevalence of each PG criterion in class 1 (unaffected) was low (range, 1.0%-7.0%). The prevalence of 6 to 10 PG criteria was highest in OC class 4 (severe). With the exception of preoccupation, the prevalence of PG criteria was similar in classes 2 (rituals/symmetry) and 3 (germs/fears).
Having 1 or more lifetime PG criteria was most common in class 4 (33.3%), followed by classes 2 (23.9%) and 3 (19.1%), and significantly lower in class 1 (12.7%). Having 4 or more PG criteria summed according to DSM-IV and DSM-5 criteria was most common (9.9% for both) in class 4, similar in classes 2 (6.4% for both) and 3 (6.6% for both), and significantly lower in class 1 (3.5% for DSM-IV and 3.4% for DSM-5 criteria).
The results of unadjusted logistic regression models of the association among PG criteria and DSM-IV and DSM-5 PG and OC classes are shown in Table 2 . Compared with participants in class 1 (unaffected), participants in class 4 (severe), class 3 (germs/fears), and class 2 (rituals/symmetry) were all more likely to endorse escape gambling (OR range, 2.1-4.6), chasing (OR range, 1.9-4.1), and lying to others about gambling (OR range, 2.0-2.9). In addition to these significant associations, participants in class 4 were significantly more likely than those in class 1 to endorse preoccupation, spending increasing amounts of money, and inability to control or cut back (OR range, 2.5-3.1). Similarly, participants in class 2 were significantly more likely than those in class 1 to endorse preoccupation, spending increasing amounts of money, and impairing job/relationships (OR range, 2.0-2.7). Participants in class 3 were more likely than those in class 1 to endorse borrowing money (OR, 2.8).
Compared with participants in class 1, those in classes 2 through 4 were significantly more likely to have 1 or more lifetime PG criteria. Participants in classes 2 and 4 were significantly more likely than those in class 1 to have 1 to 3 PG criteria (ORs, 2.2 and 3.3, respectively) as defined in DSM-IV and DSM-5, 4 or more PG criteria (ORs, 2.1 and 3.7, respectively) as defined in DSM-IV, and 4 or more PG criteria (2.2 and 3.8, respectively) as defined in DSM-5. The odds of having 1 to 3 criteria and 4 or more were greater in class 3 compared with class 1, but the difference was not statistically significant. The odds of having 5 or more PG criteria as defined in DSM-IV and 4 or more PG criteria as defined in DSM-5 were significantly greater in class 4 compared with class 1 for both classification systems (ORs, 4.1 and 3.1, respectively). The odds of DSM-IV and DSM-5 PG were greater in classes 3 and 2 compared with class 1, but were only significant for DSM-5 PG (OR range, 1.8-2.5).
Tetrachoric correlations are reported in eTable 1 in the Supplement. Within-trait, cross-twin correlations for OC and PG phenotypes are larger in MZ than in DZ twin pairs, indicating genetic contributions to each phenotype. The cross-twin, cross-phenotype correlations are larger in the MZ than in DZ twin pairs, indicating that the association between OC and PG phenotypes includes a genetic contribution.
The best-fitting bivariate twin model was determined by goodness of fit (eTables 2 and 3 in the Supplement). The best-fitting model included genetic and unique environmental contributions to PG and OC and correlated genetic factors. The model did not include family environmental con- tributions or correlated unique environment factors (eTable 1 in the Supplement). As shown in Table 3 , parameter estimates for the best-fitting DSM-IV and OC model included a genetic correlation of 0.44 (95% CI, 0.16-0.75). As shown in 
Discussion
We applied LCA to data from a population-based sample of middle-aged men from the VETR and identified distinct OC classes. The best-fitting LCA model allowed for 4 classes, including a largely unaffected class, a severe class characterized by high endorsement of most OC features, and 2 intermediate 
OC Classes
We hypothesized that LCA would identify a severity dimension in which distinct OC classes would differ only by probability of endorsement. Partly consistent with our hypothesis, LCA identified OC classes 1 and 4 based on a severity dimension but also identified OC classes 2 and 3, which differ in qualitatively distinct patterns. A prior LCA of data from 1611 individuals with OCD 16 identified 3 classes derived from responses on the YaleBrown Obsessive Compulsive Scale. Because these classes related to frequency rather than domains of OC features, the data indicated a unitary construct underlying OCD. The current findings suggest that a multidimensional construct may underlie lifetime OC features. These results lend credence to the importance of considering categorical aspects of OCD and compulsivity from a dimensional perspective, 36, 37 with the latter consistent with ongoing initiatives using research domain criteria. 38 
OC Classes and PG Severity
Largely consistent with our second hypothesis, the severe OC class (class 4) was more consistently and strongly associated with individual PG criteria and with greater PG severity. These findings complement those in the literature 2 that have found individuals with PG to score higher than nonaffected comparison subjects on measures of compulsivity. They also extend findings by identifying common and specific patterns associated with the OC classes. For example, participants in OC class 2 (rituals/symmetry) were more likely to endorse preoccupation with gambling and spending increasing amounts of money compared with participants in class 3, who were more likely to endorse borrowing money. These findings suggest that underlying constructs (potential endophenotypes) might link OC tendencies to PG. 3 Class 2 was characterized by OC features associated with rituals and symmetry that were qualitatively distinct from the contamination/germ fears in class 3. We speculate that the control and intentional behavior involved with rituals and symmetry may explain the stronger association with purposeful PG behaviors relating to the seeking of gambling and spending more money to gamble. These data raise the possibility that individuals with PG differing in OC features may benefit differentially from specific interventions targeting thoughts and behaviors, and this possibility warrants direct examination.
Genetic Variance
We observed genetic factors accounting for 37.0% and 64.0% of the total variance in OC and PG, respectively. The genetic contribution to OC adds to the very few twin studies of OCD and is consistent with previous findings of twin analysis in adults that demonstrate a genetic variance of 27% to 47%. 39 The 19.4% of genetic variance shared between DSM-IV and DSM-5 criteria for PG and OC supports our hypothesis that common genetic variance contributes to the OC-PG association. Unique environmental factors did not overlap, which suggests that environmental cues for gambling, such as casino advertising, would have little effect on the expression of OC features.
Limitations
Because all participants were male, predominately white, and purposefully enriched for 1 or more PG criteria, the present results may not generalize to women or to racial minority groups. Our survey did not include OCD measures (ie, the Yale-Brown Obsessive Compulsive Scale) used in prior LCA studies 16 and did not diagnose OCD, and the present findings may not generalize to cohorts selected for OCD. The cross-sectional nature of the study precludes precise identification of the natural history of OC features.
Strengths
Data were collected without prior knowledge of the respondents' OC status. The use of computer-assisted telephone interviews and structured clinical instruments likely reduced potential interviewer bias. The sample does not have the bias inherent in more severely affected clinical populations. The large sample size permitted derivation of multiple classes of OC features, allowing statistical comparisons with individual PG criteria and across multiple levels of PG severity.
Conclusions
Severity and type of OC classes exist in middle-aged men and are associated with individual PG criteria and PG severity, with increasing severity of OC associated with increasing severity of PG. The co-occurrence of OC and PG partly results from common genetic influences. This finding may inform disorder classification and treatments targeting common features of OC and PG. 
